for the Resuscitation Outcomes Consortium Investigators IMPORTANCE Emergency medical services (EMS) deliver essential initial care for patients with out-of-hospital cardiac arrest (OHCA), but the extent to which patient outcomes vary between different EMS agencies is not fully understood.
O ut-of-hospital cardiac arrest (OHCA) is a major public health problem worldwide. 1 In North America, survival after OHCA greatly varies across geographic regions. [2] [3] [4] Although some factors (eg, layperson cardiopulmonary resuscitation [CPR] and location of arrest) are contributing to the geographic variation in survival after OHCA, 5 reasons for this variation have not been fully investigated.
Understanding the relative contributing factors to this variation may reveal modifiable targets for interventions to refine performance and improve patient outcomes after OHCA. Emergency medical services (EMS) play a critical role in OHCA management as a part of the chain of survival and may explain some of the variation in outcomes after OHCA. 6 The National Academy of Medicine recently recommended enhancing the capabilities and performance of EMS systems as one step to improve cardiac arrest survival. 7, 8 However, the extent to which EMS agency factors contribute to the variation in outcomes after OHCA is unclear. Differences between EMS agencies are often attributed to differences in the population served, 9 geographical challenges to response time, 10 or practice patterns, such as the initiation of resuscitation attempts in patients with EMS-assessed OHCA. 11 Previous studies comparing outcomes across EMS agencies have lacked sufficient power to separate the EMS factors from differences in patient demographics, cardiac arrest characteristics, and hospital care.
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To address this knowledge gap, we quantified the variation in patient outcomes after OHCA between EMS agencies in a large cohort with detailed patient-level and EMS agencylevel data. We tested the hypothesis that variation in outcomes among those treated by differing EMS agencies would persist after adjusting for known confounders and clustering of patients within agencies.
Methods

Study Design and Setting
The Resuscitation Outcomes Consortium (ROC) was a clinical research network that conducted trials in OHCA and trauma at 10 regional coordinating sites across North America, their affiliated EMS agencies, and participating hospitals. 13, 14 We performed a secondary analysis of data collected from April 2011 through June 2015 in the ROC Epistry-Cardiac Arrest, a database of prospectively identified consecutive patients with OHCA, which we have previously described in detail. 13, 14 Investigators acquired data under a waiver of informed consent for a minimal risk intervention with institutional review board approval at each coordinating site. The ROC data coordinating center created the final database from deidentified data transmitted from participating sites. The institutional review board at the University of Pittsburgh approved this secondary analysis of deidentified data.
Study Participants
We included adults (≥18 years old) with EMS-treated nontraumatic OHCA, defined as initiation of resuscitation attempts with shock delivery by an external defibrillator (by a layperson or EMS personnel) or chest compressions by EMS personnel. We excluded patients in whom resuscitations were terminated in the prehospital setting because of confirmation of a preexisting written do not resuscitate orders, patients initially treated by EMS agencies that did not participate in ROC, patients treated by EMS agencies that treated 10 or fewer OHCA cases annually, cases with missing data for the primary outcome, and cases with an unidentifiable primary EMS agency.
Study Variables
We present study variables in eFigure 1 in Supplement 1. Patient-level variables included in risk-adjusted models are (1) patient demographics: age (continuous) and sex (male or female); (2) cardiac arrest event characteristics: year of arrest (2011 through 2015) , 15 initial rhythm (shockable, pulseless electrical activity, or asystole), location of arrest (a public or private location), witness to collapse (a bystander, EMS personnel, or no witness); (3) layperson interventions: initiation of layperson CPR and public automated external defibrillator (AED) use (no layperson intervention, layperson CPR only, layperson CPR, and public AED use); (4) EMS interventions: number of treating EMS personnel within 15 minutes after an emergency (911) call (categorized as fewer than 6 or more than 6 persons), 16 EMS response time (defined as interval from the emergency call to first EMS vehicle arrival on scene, measured as a continuous variable), prehospital epinephrine administration (presence or absence), attempted prehospital advanced airway placement with a tracheal intubation or supraglottic device (yes or no), median chest compression rate per minute (<100, 100-120, or >120), median chest compression fraction (<0.8 or ≥0.8); and (5) postresuscitation treatments: percutaneous coronary intervention (PCI) within 24 hours following hospital arrival (presence or absence) and induced targeted temperature management (TTM; presence or absence). We defined induced TTM as any active attempt to monitor and maintain core body temperature at or less than 36°C. 17 We included PCI and TTM variables only in the subgroup analysis of EMS-treated patients who survived longer than 60 minutes after hospital arrival and whose survival and functional outcomes were potentially affected by subsequent hospital care. ).
14 We assigned 1 primary EMS agency to each OHCA case. If a single patient was treated by multiple agencies (eg, an ALS-BLS tiered system), we assigned the primary EMS agency as per eFigure 2 in Supplement 1: (1) the ALS agency was the primary agency if the ALS agency arrived at the scene earlier than the BLS agency, (2) the ALS agency was the primary agency if the BLS agency arrived at the scene earlier than the ALS agency but ALS intervention was provided within 6 minutes of BLS agency arrival, and (3) the BLS agency was the primary agency if the BLS agency arrived at the scene earlier than the ALS agency, and no ALS intervention was provided within 6 minutes from BLS agency arrival. We defined ALS interventions as the delivery of an advanced airway (endotracheal tube or supraglottic airway), manual defibrillation, or intravenous drug therapy. 18 We chose a 6-minute threshold to represent 3 optimal BLS CPR cycles (2 minutes of CPR followed by a pulse check and defibrillation as appropriate) and transition from BLS to ALS care.
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These covariates were chosen a priori based on their known associations with survival from prior studies of OHCA, biologic plausibility, and adequate ascertainment.
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Outcome Measure
The primary outcome was survival to hospital discharge. Although return of spontaneous circulation (ROSC) at emergency department arrival may be an important benchmark of prehospital care, we elected to use survival to hospital discharge as our primary outcome, because this allowed us to investigate several determinants of the patient-centered outcome in the chain of survival. Secondary outcomes were favorable functional outcome at hospital discharge, defined as modified Rankin scale score of 3 or less, and ROSC at emergency department arrival.
Statistical Analysis
We first described the unadjusted rate of survival to hospital discharge after OHCA within each EMS agency. We ranked and grouped EMS agencies into quartiles according to their unadjusted survival rates and reported differences in patient-level and EMS agency-level factors by quartiles. We described the variability in favorable functional outcome at hospital discharge and ROSC at emergency department arrival between EMS agencies. We then cumulatively constructed a series of multivariable hierarchical logistic regression models predicting survival to hospital discharge, functional outcome at hospital discharge, and ROSC at emergency department arrival, based on previously described patient-level and EMS agency-level variables (eFigure 1 in Supplement 1). 24 These models included the full cohort of patients with EMS-treated OHCA and accounted for clustering of patients within each EMS agency. We treated EMS agency as a random effect and nested individual patients within each agency, whereas patient-level and EMS agency-level variables were modeled as fixed effects. From these models, we reported adjusted survival outcome for each agency and calculated median odds ratios (MORs) to quantify the residual variation in outcomes between EMS agencies. 3, 25 We derived MORs from the variance estimate of the random intercept in the hierarchical regression model.
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Conceptually, the MORs represents the relative odds of outcome for 2 patients with similar characteristics except for treatment by 2 different, randomly selected EMS agencies.
(For example, an MOR of 2.0 indicates a median 2-fold difference in the odds of outcome for similar individuals treated by 2 different, randomly selected EMS agencies.) We also performed stratified analyses by initial rhythm: those with a shockable rhythm (ventricular fibrillation, pulseless ventricular tachycardia, and shocked by an AED) vs nonshockable rhythm (pulseless electrical activity, asystole, and not shocked by an AED). We only included patients without missing covariates in the multivariable hierarchical models and reported difference in characteristics with standardized mean difference of covariates between patients with and without missing covariates. We considered an absolute standardized mean difference within 0.25 to be a small difference between groups for each covariate. 26 For the secondary outcome of favorable functional outcome at hospital discharge, we further excluded patients with missing functional status at hospital discharge and covariates in the models. Next, as a subgroup analysis, we fitted multivariable hierarchical logistic regression models with patients nested within EMS agency in the subgroup of patients with EMS-treated OHCA who survived more than 60 minutes after hospital arrival for whom subsequent hospital care potentially affected survival and functional outcomes (eFigure 1 in Supplement 1). 17, 27 The hierarchical models predicted survival to hospital discharge and favorable functional outcome at hospital discharge. These hierarchical models cumulatively adjusted for previously described patient-level and EMS agency-level variables, including postresuscitation treatments (eFigure 1 in Supplement 1). We again calculated MORs to quantify variation in survival and functional outcomes between EMS agencies and repeated stratified analyses by initial rhythm. Finally, we conducted 3 sensitivity analyses in which we changed model covariates to assess the robustness of the findings. First, we included chest compression depth as a patientlevel covariate, as well as previously described covariates in the hierarchical models, with the full cohort of patients with EMS-treated OHCA. We did not include chest compression depth in the primary analysis, because only a subset of defibrillators were able to measure chest compression depth, with the result that the chest compression depth was systematically missing for all cases in some EMS agencies.
Then, for patients treated by multiple EMS agencies, we applied 2 alternative definitions of the primary agency: (1) the first arriving agency as the primary agency and (2) the highest level of agency (ie, ALS agency, where present) as the primary agency. We recalculated MORs for outcomes and repeated the analyses stratified these by initial rhythms.
We used S-Plus version 6.2.1 (TIBCO Software Inc) for data management and Stata version 11 (StataCorp) for our analyses. Data analysis occurred from May 2017 to March 2018.
Results
During the study period, participating EMS agencies assessed 102 662 patients with OHCA ( Figure 1 ). Of these, 43 656 were treated by 112 EMS agencies (13 ALS agencies, 52 BLS agencies, and 47 ALS-BLS combined agencies) and included in our primary analysis. For 39 622 patients (90.8%), the first arriving EMS agency was assigned as the primary EMS agency. Survival to hospital discharge occurred in 4912 of 43 656 patients with EMS-treated OHCA (11.3%), and favorable functional outcome at hospital discharge occurred in 1650 of 22 498 patients with EMS-treated OHCA whose functional outcome were available (7.3%). The rate of survival to hospital discharge in each EMS agency ranged from 0% (0 survivors among 36 patients treated by 1 EMS agency) to 28.9% (66 survivors among 228 patients treated by 1 agency; Figure 2A ). The rate of favorable functional outcome at hospital discharge ranged from 0% (0 survivors among 87 patients treated by 1 EMS agency) to 20.4% (11 survivors among 54 patients treated by 1 EMS agency; Figure 2B ). The rate of ROSC at emergency department arrival ranged from 9.0% (9 survivors among 100 patients treated by 1 EMS agency) to 57.1% (48 survivors among 84 patients treated by 1 EMS agency; Figure 2C ). We reported the estimated rate of survival to hospital discharge at each EMS agency after adjustment for patient-level and EMS agency-level variables in eFigure 3 in Supplement 1. A total of 10 561 EMS-treated patients with OHCA survived more than 60 minutes after arrival at 204 hospitals (Figure 1 ), and these patients constituted a subgroup for whom we also considered the association of postresuscitation management with survival and functional outcomes. Table 1 ). Percentages were similar among patients who survived more than 60 minutes after hospital arrival (eTable 1 in Supplement 1).
After excluding 11 123 patients with missing covariates, we included 32 533 patients in the multivariable hierarchical models that determined the association of survival with hospital discharge (Figure 1 ). We reported percentage of missing variables and characteristics of patients with and without missing variables in eTable 2 in Supplement 1. Most of the excluded patients were missing the chest compression fraction (n = 8212) and/or the chest compression rate (n = 8387; eTable 2 in Supplement 1). For most patient-level and EMS agency-level variables, characteristics were similar between patients with and without missing data (standardized mean differences within 0.25; eTable 2 in Supplement 1). The unadjusted MOR for survival to hospital discharge in EMS-treated OHCA was 1.43 (95% CI, 1.34-1.54; Table 2 ). 
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After adjustment for patient-level and EMS agency-level factors, the MOR for survival increased to 1.56 (95% CI, 1.44-1.73; Table 2 and eTable 3 in Supplement 1).
In the subgroup of those who survived more than 60 minutes after hospital arrival, the unadjusted MOR for survival was 1.39 (95% CI, 1.29-1.53; Table 3 ). After adjustment for patientlevel and EMS agency-level variables, including postresuscitation treatments (eg, PCI within 24 hours after hospital arrival and induced TTM), the MOR for survival increased to 1.49 (95% CI, 1.36-1.69).
Differences in MORs for favorable functional outcome at hospital discharge were similar in the total cohort of patients with EMS-treated OHCA and in the subgroup of those who survived more than 60 minutes after hospital arrival (Tables 2 and  3) . When stratified by initial rhythm, differences in MORs for survival were greater for patients with nonshockable rhythms EMS agencies 112 (100) 28 ( (Tables 2 and 3 ). In all sensitivity analyses, we found similar MORs (eTables 4, 5, and 6inSupplement 1).
Discussion
In this analysis of a large prospective registry of patients with OHCA in North America, clinically important patient outcomes (eg, ROSC at ED arrival, survival to hospital discharge, and favorable functional outcome at hospital discharge) substantially differed across EMS agencies, despite adjustment for measured sources of variability. We observed a median difference of 56% in the odds of survival to hospital discharge for any 2 otherwise similar patients who were treated by any 2 randomly selected EMS agencies. We observed similar variation in those surviving to hospital care with adjustment for postresuscitation treatments (eg, PCI within 24 hours after hospital arrival and induced TTM) and in all sensitivity analyses. These data suggest that the between-agency variation resulted from unmeasured patient, EMS agency, hospital, and/or community characteristics, because the variation in outcomes persisted after adjustment for multiple measured factors.
We previously reported 2 a 5-fold regional variation in the 10 regions in the United Kingdom, the crude survival to hospital discharge after OHCA ranged from 2.2% to 12.0% between ambulance services, and this variation persisted after adjustment for presumed causative mechanisms of illness, witnessed collapse, and initial rhythm. 12 Our findings confirm and expand these observations by assessing a critical unit of OHCA management (ie, EMS agency) and including functional outcome and multiple health care settings with a robust statistical approach, accounting for known confounders and clustering of patients within EMS agencies. This suggests that most EMS agencies included in this analysis performed guideline-compliant chest compression fraction and chest compression rate, and that outcome differences are explained by other factors. We previously reported that the Utstein elements (age, sex, arrest cause, witness status, location of arrest, bystander CPR, initial rhythm, and EMS response interval) partially predicted the variation in survival after OHCA between the ROC sites. 5 In this study, we found significant unexplained variation in outcomes after OHCA between EMS agencies, suggesting opportunities to capture contributing factors to the observed variation. This study has implications for improvement of OHCA management. First, the analysis indicates that the highest-performing EMS agencies had more layperson interventions and more EMS personnel on scene. These metrics of quality of care may be used by other EMS agencies as targets to improve care and outcomes, although further evaluations of optimal measurement of EMS performance are needed. Second, our findings justify further efforts to identify potentially modifiable factors that may explain this residual variation in outcomes and could be targets of public health interventions. Such factors in EMS might include whether the decision to transport for further care is evidence based (ie, the Termination of Resuscitation Guideline) or left to the discretion of the paramedics or direct medical oversight.
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They may also include other factors in EMS culture and practice, such as EMS team design, team composition and roles, communication and leadership, and training and education. Indeed, recent in-hospital cardiac arrest research found these factors were important elements of resuscitation teams at top-performing hospitals. 34 Further efforts are needed to identify features of high-performing EMS agencies in OHCA.
Limitations
Our study has several limitations. First, we cannot determine which unmeasured factors explain the observed differences in outcomes. 
Conclusions
In this study of data from 112 EMS agencies in North America, patient outcomes after OHCA varied substantially between EMS agencies, despite adjustment for documented factors associated with outcomes. Further research is required to identify modifiable factors that are contributing to this observed variation to improve patient outcomes after OHCA. 
eFigure 2. Assignment of the Primary EMS Agency under Multiple Agencies Involvement
(A) the ALS agency was the primary agency if the ALS agency arrived at the scene earlier than the BLS agency, (B) the ALS agency was the primary agency if the BLS agency arrived at the scene earlier than ALS agency but an ALS intervention(s) was provided within 6 minutes of BLS agency arrival, and (C) the BLS agency was the primary agency if the BLS agency arrived at the scene earlier than the ALS agency and no ALS intervention was provided within 6 minutes from BLS agency arrival.
We defined ALS interventions as the delivery of an advanced airway (endotracheal tube or supraglottic airway), manual defibrillation, or intravenous drug therapy. 
